Abstract: The impact of important preexisting comorbidities, such as liver and renal disease, on the outcome of liver resection remains unclear. Identification of patients at risk of mortality will aid in improving preoperative preparations. The purpose of this study is to develop and validate a population-based score based on available preoperative and predictable parameters predicting 90-day mortality after liver resection using data from a hepatitis endemic country.
INTRODUCTION

L
iver surgery is a more common procedure that is performed at numerous hospitals worldwide. 1 In Asia, the prevalence of hepatitis and hepatocellular carcinoma (HCC) is high. 2 Because donor shortage remains a major problem in Asia, liver resection is considered the first-line treatment for some patients with HCC. 3, 4 In addition, intrahepatic cholangiocarcinoma, metastatic malignancies, and benign diseases such as trauma, intrahepatic bile duct stones, and benign tumors also require liver resection. 1 With the advance in management of liver diseases and surgical techniques, the mortality rate of liver resection has decreased to <5% during the last 2 decades in most specialized centers 5, 6 ; however, patient safety remains of utmost concern. As the indications for liver resection expand and the number of liver resections increases worldwide, preoperative stratification of at-risk patients is needed to improve preoperative evaluation and preparation. Some investigators have developed scores to predict mortality after liver resection. [7] [8] [9] [10] [11] However, a limitation of the available studies and those addressing prediction scores is that they included postoperative parameters and did not preoperatively stratify patients at risk of mortality. Furthermore, these studies were conducted in specialized centers. 9, 10 For scores derived from administrative data, 7, 8, 11 the majority of their records indicated a diagnosis of metastatic disease, and noncirrhosis patients indicated for hepatic resection. It is not clear whether these scores are applicable to patients with hepatitis and cirrhosis in endemic areas.
Therefore, by accounting for prognostic preoperative factors, the purpose of this study was to develop and validate a simple, applicable score based on available preoperative and predictable parameters such as hepatitis/cirrhosis, preexisting cirrhosis-related complications, major comorbidities, and the magnitude of liver resection to predict 90-day mortality in patients scheduled for liver resection. Specifically, we sought to identify preoperative factors associated with 90-day mortality. To make the score as close as possible to the daily practice, we considered parameters readily available in the preoperative assessment. Unpredictable intraoperative factors such as duration of surgery, ischemic time, and blood loss were not considered. We used a population-based national database of Taiwanese patients who underwent liver resection between 2002 and 2006 to develop and validate this predictive model.
PATIENTS AND METHODS
Ethics Statements
This study was initiated after receiving approval from the Institutional Review Board of the Buddhist Dalin Tzu Chi General Hospital, Taiwan. Because the identification numbers and personal information of the individuals included in the study were not included in the secondary files, the review board stated that written patient consent was not required. 
Patients and Study Design
Measurements
The primary outcome measure was 90-day mortality, defined as death from all causes occurring after liver resection. The predictor variables were patient age, sex, indication for surgery, comorbidity, and surgical procedure (major, lobectomy or more; minor, less than lobectomy). The comorbidities included hypertension, ischemic heart disease, arrhythmia, cerebrovascular disease, chronic obstructive pulmonary disease, and associated conditions including chronic bronchitis and asthma, diabetes, hyperlipidemia, and renal diseases including acute and chronic renal failure, glomerulonephritis, and nephrotic syndrome. Patients' severity of underlying liver disease was evaluated by the presence or absence of hepatitis/cirrhosis and cirrhosis-related complications. The cirrhosis-related complications included portal hypertension, esophageal/gastric variceal bleeding, ascites, pleural effusion, encephalopathy, and hepatorenal syndrome. We identified the presence or absence of these preexisting comorbidities and cirrhosis-related complications in each patient by querying the Taiwan NHI database using the International Classification of Diseases, Ninth Revision (ICD-9) codes. Any preoperatively existing comorbidity or cirrhosis-related complication was identified from the ICD-9 codes for inpatients within 6 months before surgery. For outpatients, the diseases that were coded 3 times or more in the records within 6 months before surgery were also identified from the ICD-9 codes.
Statistical Analysis
The SPSS (version 15; SPSS Inc, Chicago, IL) were used for data analysis. Univariate analyses were performed for the predictive variables. Those with statistical significance at the level of P < 0.1 were entered into a logistic regression model for odd ratios of 90-day mortality; multivariate logistic regression analysis was used to calculate the risk of mortality after adjustments for variables. Then, we developed a model to predict 90-day mortality in a randomly selected half of our study population (derivation population) and validated the model in the remaining half (validation population). For the random selection of patients for the derivation and validation populations, the incidences of mortality were comparable in both populations (defined as the incidence for the whole population). The β coefficients from the logistic regression model were used to develop an integer-based weighted point system for stratifying 90-day mortality risk. The referent for each variable was assigned a value of 0 and the coefficients for the others were adjusted proportionally, rounding to the nearest integer. Individual scores were assigned by summing the individual risk factor points. The risk scores were stratified into 4 risk groups as follows: score of 0 to 1, score of 2 to 3, score of 4 to 5, and score of 6 and above.
Within the derivation set, the risk score was calculated for each patient, and discrimination was assessed using the area under the receiver operating characteristic (ROC) curve. For validation of the risk score, the remaining half of the random sample was used. The risk score model was applied, and discrimination was assessed by ROC curve analysis.
RESULTS
A total of 13,159 patients who underwent liver resection between 2002 and 2006 were identified from the NHIRD. The patient characteristics are summarized in Table 1 . The 90-day mortality rate for the overall cohort was 3.9%. Up to 39.2% of the patients' records indicated a diagnosis of hepatitis and cirrhosis. The majority (61.2%) of liver resections were performed for HCC. Minor resection (less than lobectomy) was performed primarily (75.8%). After randomly sampling this group, the derivation set contained 6580 patients and the validation set contained 6579 patients. Table 2 shows the results of the multivariate logistic regression analysis. After adjusting for other factors, among those preexisting comorbidities, renal disease showed the strongest association with 90-day mortality (adjusted odds ratio, 5.29; 95% confidence interval, 3.98-7.03; P < 0.001), followed by cirrhosis-related complications (adjusted odds ratio, 4.70; 95% confidence interval, 3.83-5.76; P < 0.001), heart failure (adjusted odds ratio, 2.92; 95% confidence interval, 1.61-5.29; P < 0.001), cerebrovascular disease (adjusted odds ratio, 2.17; 95% confidence interval, 1.29-3.66 ; P ¼ 0.004), and ischemic heart disease (adjusted odds ratio, 1.98; 95% confidence interval, 1.34-2.92; P ¼ 0.001). Cholangiocarcinoma (adjusted odds ratio, 1.73; 95% confidence interval, 1.26-2.37; P ¼ 0.001) and metastatic malignancy (adjusted odds ratio, 1.44; 95% confidence interval, 1.07-1.93; P ¼ 0.017) showed stronger association with 90-day mortality than HCC. Old age (adjusted odds ratio, 1.70; 95% confidence interval, 1.41-2.05; P < 0.001) and major procedure (lobectomy or more) (adjusted odds ratio, 1.44; 95% confidence interval, 1.17-1.76; P < 0.001) were also associated with 90-day mortality.
We further grouped the indications for surgery into benign and malignant diseases to reduce the number of variables for the prediction model. Table 3 shows the results of the multivariate model with the predictors and risk scores from the 6580 patients randomly selected for the development of the model. Grouping the scores into 4 risk groups resulted in a gradient for mortality estimates. The mortality rates of each group were 1.1%, 2.2%, 7.7%, and 15% ( Figure 1) . The model discriminated the derivation set well, with an area under the ROC curve of 0.75. When applied to the validation set, the model continued to discriminate well, with an area under the ROC curve of 0.75.
DISCUSSION
In this study from a national database identifying 13,159 liver resections between 2002 and 2006 in Taiwan, we developed and validated an easily applicable score to predict the risk of perioperative mortality in patients scheduled for hepatic resection. The overall perioperative mortality was 3.9%, whereas the mortality according to score groups ranged from 1.1% to 15%. Factors most strongly associated with 90-day mortality were preexisting renal disease and cirrhosis-related complications.
The strength of this study is that it was a nationwide population-based study including almost all the patients undergoing hepatic resection in Taiwan. By the end of 2006, the NHI covered 99.0% of Taiwan's population, 12 with nearly complete follow-up information of mortality among the entire study population, and the dataset was routinely monitored for diagnostic accuracy by the NHI Bureau of Taiwan. The present score is unlike the population-based score published by Simons et al 7, 11 using the Charlson Comorbidity Index score to classify patients. Their data were queried from patient discharges for hepatic resection. It was unclear whether these comorbidities, particularly liver and renal disease, the 2 main concerns influencing the outcome of hepatic resection, were present before or occurred after the surgery. In our study, the entire dataset was queried from preoperative inpatient and outpatient records, using only the clinical factors that were widely available before surgery. Moreover, the aforementioned previous study focused on predicting inhospital mortality as the outcome measure, which does not reflect all deaths that occur after discharge. In contrast, we measured 90-day mortality to account for all risk during the perioperative period. Increasingly, more liver resections are being performed on patients who may be at higher risk given the nature of liver diseases such as cirrhosis, and previous investigators have consistently suggested that careful patient selection is crucial for achieving better outcomes. 13, 14 The main preoperative factors that predict postoperative liver dysfunction include the presence of chronic liver disease, extensive liver resection, and the presence of a small liver remnant. It has been reported that portal hypertension is not a contraindication for hepatic surgery in properly selected patients, who had similar survival compared with patients without portal hypertension. 15, 16 However, the present populationbased findings derived from patients who underwent liver resection supported the notion that preexisting cirrhosisrelated complications remain a significant influence on increasing the risk of perioperative mortality.
Acute renal failure is a major complication after abdominal surgery that is associated with major morbidity and mortality. 17, 18 However, very limited data exist regarding the impact of renal disease on the outcomes of liver resection. 19, 20 Some single-center studies showed that endstage renal disease patients undergoing liver resection did not have higher perioperative mortality compared with patients without end-stage renal disease. [21] [22] [23] Our findings revealed that among the factors associated with perioperative mortality because of liver resection, preexisting renal disease was the strongest, which was also in agreement with previous studies of other procedures showing that postoperative acute renal failure significantly impaired the outcomes after major surgery. 24, 25 This result indicates that when treating patients with renal disease, careful surgical techniques and perioperative management are crucial for lower mortality risk.
There are some limitations in this study. First, patient diagnosis and identification of comorbidities were completely dependent on ICD-9 codes, and any coding errors in patients' underlying diseases could lead to disparities in preexisting comorbidities and cirrhosis-related complications. Nonetheless, the NHI Bureau of Taiwan randomly reviews the charts and interviews patients in order to verify diagnostic accuracy. 26 Second, the NHIRD is an administrative database and lacks certain clinical information such as the subtleties of liver dysfunction, the glomerular filtration rate, and the creatinine for renal disease that may not be completely captured using ICD-9 codes alone. However, the diagnosis of hepatitis/cirrhosis, preexisting cirrhosis-related complications, and renal disease represented the comorbidity status of liver and renal disease before surgery. Further studies with primary data might be conducted to reveal a deeper insight about the severity of these preexisting diseases and their relationship with perioperative mortality. Third, instead of surgical mortality, all-cause mortality was used. However, the short-term surgical and all-cause mortality differed only to a small degree.
Despite these limitations, our score is an easy to use tool for clinical application with good discriminatory ability. The use of a national database that included almost all liver resections increased its generalizability over many singleinstitution case series. As the experience in liver resections increases, the number of patients with more and worse comorbidities being considered for liver resection may increase. In addition to the widely used Child-Turcotte-Pugh score in liver surgery, the incorporation of preexisting comorbidities and cirrhosis-related complications in the present tool might be helpful for patient counseling and informed consent. This type of risk stratification also allows for different treatment options to be considered in patients with certain comorbidities. In summary, our results demonstrated that this score could be used to identify patients at higher risk of 90-day mortality before liver resection. This population-based risk score also revealed that preexisting renal and cirrhosisrelated complications had the strongest influence on 90-day mortality in liver resection. This score may be useful for preoperative risk stratification, decision-making, quality assessment, and counseling of individual patients.
